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57 ABSTRACT

For example, the present invention relates to a vibration type
driving apparatus which includes: a vibrating body that
includes an elastic body provided with a vibrating portion,
and an electrical-mechanical energy converting element fixed
to the elastic body; and a driven body in pressure contact with
a frictional portion of the vibrating portion, wherein the
vibrating body and the driven body are relatively moved by
driving vibration generated when an alternating voltage is
applied to the electrical-mechanical energy converting ele-
ment; the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting portion
for connecting the vibrating portion and the fixing portion;
and the connecting portion includes plural uneven rigidity
components in a circumferential direction.

29 Claims, 14 Drawing Sheets
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FIG.
RESONANCE
VIBRATION MODE FRE[leL_lJE]NCY Af [HZ]
Z

ORDER 6 OUT-OF-PLANE 32.8 16
ORDER 3 TORSIONAL 34.5 474
ORDER 7 OUT-OF-PLANE 42.4 5
ORDER 3 IN-PLANE 43.7 477
ORDER 5 TORSIONAL 56.5 2
ORDER 6 TORSIONAL 68.3 306
ORDER 3 CIRCUMFERENTIALLY 845 400
EXTENDING/CONTRACTING '

ORDER 6 IN-PLANE 85.2 404
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FIG. 6
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FIG.
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VIBRATION TYPE DRIVING APPARATUS
AND IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention

One aspect of the disclosure relates to a vibration type
driving apparatus that brings a movable body into contact
with a vibrating body and frictionally drives the same, and for
example, relates to a technique to address an issue of undes-
ired vibration of the vibrating body that adversely affects
driving performance of the vibration type driving apparatus.
One aspect of the disclosure relates to an image forming
apparatus comprising the vibration type driving apparatus.

A vibration type driving apparatus (for example, an ultra-
sonic motor) which comprises a vibrating body in which
driving vibration is formed, and a driven body which is in
pressure contact with the vibrating body, wherein the vibrat-
ing body and the driven body are relatively moved by driving
vibration has been proposed.

Hereinafter, a configuration of an annular vibration type
driving apparatus as an exemplary vibration type driving
apparatus will be described with reference to FIGS. 10, 11A
and 11B.

FIG.10is a cross-sectional view of a vibration type driving
apparatus of a related art. FIG. 11A is a cross-sectional view
and FIG. 11B is a front view of an elastic body ofthe vibration
type driving apparatus illustrated in FIG. 10.

The related art annular vibration type driving apparatus
includes a vibrating body 100 and a movable body 200. The
vibrating body 100 includes an elastic body 110 to which a
piezoelectric element 120 as an electrical-mechanical energy
converting element is joined. The movable body 200 is in
frictional contact with the vibrating body 100.

The vibration type driving apparatus also includes a pres-
sure mechanism 300 and a shaft 400 which bring the movable
body 200 into pressure contact with the vibrating body 100
and output rotation of the movable body 200. The vibrating
body 100, the movable body 200 and the pressure mechanism
300 are arranged in a circle.

The pressure mechanism 300 is constituted by a vibration
control rubber 301, a pressure spring receiving member 302,
a pressure spring 303 and a pressure spring fixing member
304.

Plural grooves 131 extending in a radial direction (a radial
direction of the vibrating body) are formed in a circumferen-
tial direction in a vibrating portion 111 of the elastic body
110. Plural projections 130 for increasing vibration displace-
ment are formed between the plural grooves 131.

A connecting portion 112 for supporting the vibrating por-
tion 111 is formed integrally with an inner diameter portion of
the vibrating portion 111. Further, a mounting portion (a
fixing portion) 113 for fixing the vibrating body 100 to
another member is formed integrally with the inner diameter
portion.

The elastic body 110 is fixed to a housing 500, which
includes bearings 502, by screws 501 via mounting holes 140.

When an AC signal is applied to the piezoelectric element
120, previously set m-th order bending vibration (it is also
referred to order m bending vibration (m is an integer equal to
or greater than 1)) is excited in the vibrating body 100 as
driving vibration. The movable body 200 is frictionally driven
by a movement (including a circular movement and an elliptic
movement) produced at a contact portion between the mov-
able body 200 and the vibrating body 100 caused by the thus
excited vibration.
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The m-th order bending vibration refers to the bending
vibration of which number of waves is m.

Here, vibration other than the previously set mt-h order
bending vibration (the driving vibration), which will be
referred to as undesired vibration, may be caused due to, for
example, the following factors: low precision of a friction
surface on which the vibrating body 100 and the movable
body 200 are in contact with each other; unevenness in
mechanical vibration caused in the vibrating body 100; and
unevenness in contact pressure distribution in the vibrating
body 100 and the movable body 200.

The undesired vibration may cause unusual noise, output
reduction and other problems. In order to address these
issues, Japanese Patent No. 3805242 and Japanese Patent No.
4941469 each propose a vibrating body of a vibration type
driving apparatus which reduces excitation of undesired
vibration.

Inthese related art techniques, depending on a thickness of
the connecting portion 112 of the vibrating body 100, a reso-
nance frequency of undesired vibration of the vibrating body
100 is excluded from a driving frequency range of the AC
signal applied to the piezoelectric element 120 and from its
harmonic region, so as to reduce excitation of undesired
vibration.

Further, Japanese Patent No. 2625555 proposes a vibration
type driving apparatus which reduces excitation of bending
vibration other than m-th order bending vibration (driving
vibration) as undesired vibration by making bending rigidity
of'the vibrating portion 111 of the vibrating body 100 uneven.

SUMMARY OF THE INVENTION

However, the techniques described in Japanese Patent No.
3805242 and in Japanese Patent No. 4941469 have had the
following problem: if the resonance frequency of the undes-
ired vibration in the vibrating body 100 is to be completely
excluded from the driving frequency range and from its har-
monic region, a machine design of the vibrating body 100 is
severely limited.

Further, even if the bending rigidity of the vibrating portion
111 of the vibrating body 100 is made uneven as described in
the technique of Japanese Patent No. 2625555, it is not
enough in reducing some kinds of undesired vibration, such
as torsional vibration. There is also a problem that, if excita-
tion of the same order m torsional vibration as that of the
driving vibration is to be reduced, the m-th order bending
vibration which is the driving vibration is adversely affected.

An aspect of the present invention relates to a vibration
type driving apparatus that is easy in machine design of a
vibrating body and is capable of reducing occurrence of
undesired vibration and capable of driving stably.

An aspect of the present invention is a vibration type driv-
ing apparatus, including: a vibrating body that includes an
elastic body provided with a vibrating portion, and an elec-
trical-mechanical energy converting element fixed to the elas-
tic body; and a driven body in pressure contact with a fric-
tional portion of the vibrating portion, wherein

the vibrating body and the driven body are relatively
moved by driving vibration generated when an alternating
voltage is applied to the electrical-mechanical energy con-
verting element;

the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting portion
for connecting the vibrating portion and the fixing portion;
and

the connecting portion includes uneven rigidity compo-
nents of plural orders in a circumferential direction.
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Another aspect of the present invention is a vibration type
driving apparatus, including: a vibrating body that includes
an elastic body provided with a vibrating portion, and an
electrical-mechanical energy converting element fixed to the
elastic body; and a driven body in pressure contact with a
frictional portion of the vibrating portion, wherein

the vibrating body and the driven body are relatively
moved by driving vibration generated when an alternating
voltage is applied to the electrical-mechanical energy con-
verting element;

the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting portion
for connecting the vibrating portion and the fixing portion;
and

the connecting portion includes uneven rigidity compo-
nents in a circumferential direction; and

a number indicating quantity of the uneven rigidity com-
ponents is i times (i is 0.5, 1 or 2) greater than the order of
undesired vibration existing in a driving frequency range of
the alternating voltage.

A yet another aspect of the present invention is a vibration
type driving apparatus, including: a vibrating body that
includes an elastic body provided with a vibrating portion,
and an electrical-mechanical energy converting element fixed
to the elastic body; and a driven body in pressure contact with
a frictional portion of the vibrating portion, wherein

the vibrating body and the driven body are relatively
moved by driving vibration generated when an alternating
voltage is applied to the electrical-mechanical energy con-
verting element;

the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting portion
for connecting the vibrating portion and the fixing portion;

the connecting portion includes uneven rigidity compo-
nents in a circumferential direction; and

an order a number indicating quantity of the uneven rigid-
ity components is j times (j is 0.5, 1 or 2) greater than the order
ofundesired vibration in a harmonic region of n times (nis an
integer equal to or greater than 2) greater than the driving
frequency range of the alternating voltage.

A further aspect of the present invention relates to a vibra-
tion type driving apparatus, including: a vibrating body that
includes an elastic body provided with a vibrating portion,
and an electrical-mechanical energy converting element fixed
to the elastic body; and a driven body in pressure contact with
a frictional portion of the vibrating portion, wherein

the vibrating body and the movable body are relatively
moved by driving vibration generated when an alternating
voltage is applied to the electrical-mechanical energy con-
verting element;

the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting portion
for connecting the vibrating portion and the fixing portion;
and

the connecting portion includes uneven rigidity compo-
nents in a circumferential direction, and a number indicating
quantity of the uneven rigidity components is p times (pis 0.5,
1 or 2) greater than an order m (m is an integer equal to or
greater than 1) of the driving vibration.

In this specification, the driving frequency range of the
alternating voltage refers to a range from the minimum value
to the maximum value of the frequency of the alternating
voltage that is applied to the electrical-mechanical energy
converting element when the vibration type driving apparatus
is driven, or a range set so that the alternating voltage may be
applied in consideration of the characteristics of the vibration
type driving apparatus.
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4

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a diagram illustrating an exemplary configura-
tion of a vibration type driving apparatus, and is a cross-
sectional view of an elastic body.

FIG. 1B is a diagram illustrating an exemplary configura-
tion of a vibration type driving apparatus, and is a front view
of an elastic body.

FIGS. 2A and 2B are diagrams illustrating an example of
driving vibration of a vibration type driving apparatus.

FIGS. 3A to 3C are diagrams illustrating an example of
driving vibration of a vibration type driving apparatus.

FIG. 4 is a diagram illustrating examples of frequencies of
vibration modes of a vibration type driving apparatus.

FIG. 5A is a diagram illustrating an exemplary configura-
tion of a vibration type driving apparatus, and is a cross-
sectional view of an elastic body.

FIG. 5B is a diagram illustrating an exemplary configura-
tion of a vibration type driving apparatus, and is a front view
of an elastic body.

FIG. 6 is a diagram illustrating examples of frequencies of
vibration modes of a vibration type driving apparatus.

FIG. 7A is a diagram illustrating an exemplary configura-
tion of a vibration type driving apparatus, and is a cross-
sectional view of an elastic body.

FIG. 7B is a diagram illustrating an exemplary configura-
tion of a vibration type driving apparatus, and is a front view
of an elastic body.

FIG. 8 is a diagram illustrating examples of frequencies of
vibration modes of a vibration type driving apparatus.

FIG. 9 is a graph illustrating changes in frequencies of
vibration modes of a vibration type driving apparatus.

FIG. 10 is a cross-sectional view illustrating an exemplary
configuration of a vibration type driving apparatus.

FIG. 11A is a diagram illustrating an exemplary configu-
ration of a vibration type driving apparatus, and is a cross-
sectional view of an elastic body.

FIG. 11B is a diagram illustrating an exemplary configu-
ration of a vibration type driving apparatus, and is a front view
of an elastic body.

FIG. 12 is a perspective view of an example of an industrial
robot which is an apparatus on which a vibration type driving
apparatus is mounted.

FIG. 13 is a schematic diagram of an example of a color
image forming apparatus which is an apparatus on which a
vibration type driving apparatus is mounted.

FIG. 14 is a diagram illustrating an example of application
of a vibration type driving apparatus.

FIG. 15 is a diagram illustrating an example of application
of a vibration type driving apparatus.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, embodiments for implementing the present
invention will be described.
First Embodiment

As a first embodiment, an exemplary configuration of a
vibration type driving apparatus to which the present inven-
tion has been applied will be described.

The vibration type driving apparatus of the present
embodiment includes a vibrating body and a movable body.
The vibrating body includes an elastic body which is provided
with a vibrating portion and to which an electrical-mechani-
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cal energy converting element is joined. The movable body is
in pressure contact with a frictional portion provided in the
vibrating portion.

When an alternating voltage of a frequency in a predeter-
mined driving frequency range is applied to the electrical-
mechanical energy converting element, previously set m-th
order bending vibration (m is an integer equal to or greater
than 1) is excited in the vibrating portion as driving vibration.

In this manner, the vibrating body and the movable body
are relatively moved by the driving vibration.

In the present embodiment, the bending vibration of the
vibrating portion (out-of-plane vibration) used as the driving
vibration is supposed to be order m=6 vibration (out-of-plane
order 6 vibration) and order m=7 vibration (out-of-plane
order 7 vibration) as specific examples and a vibrating body
that reduces excitation of undesired vibration of order 3, order
6 or order 12 will be described. Here, the undesired vibration
refers to a vibration mode of which vibration form differs
from that of out-of-plane vibration which is driving vibration.

First, an elastic body of the present embodiment will be
described with reference to FIGS. 1A and 1B.

FIG. 1A is a cross-sectional view of the elastic body and
FIG. 1B is a front view of the elastic body.

In FIGS. 1A and 1B, the reference numeral 100 denotes a
vibrating body and 110 denotes an elastic body to which a
piezoelectric element 120 is joined.

Plural grooves 131 extending in a radial direction (a radial
direction of the vibrating body 100) are formed in a circum-
ferential direction in a vibrating portion 111 of the elastic
body 110. Plural projections 130 for increasing vibration
displacement are formed between the plural grooves 131.

A connecting portion 112 for supporting the vibrating por-
tion 111 is formed integrally with an inner diameter portion of
the vibrating portion 111. Further, a mounting portion (a
fixing portion) 113 for fixing the vibrating body 100 to
another member is formed integrally with the inner diameter
portion.

The elastic body 110 of the present embodiment includes
holes for uneven rigidity 150 that are through holes formed in
the connecting portion 112 that extends from a neutral plane
of' bending vibration (out-of-plane vibration) used as driving
vibration. An example in which, with the existence of the
holes for uneven rigidity 150, an order (a number indicating
quantity) of an uneven rigidity component of the elastic body
110 is i times (i is 0.5, 1 or 2) greater than the order of the
undesired vibration existing in the driving frequency range of
the alternating voltage will be described.

For example, in order to reduce order 3 undesired vibra-
tion, six holes for uneven rigidity 150, twice the order 3 (i=2
or j=2), are formed in the connecting portion 112 in a circum-
ferential direction at regular intervals. Therefore, the number
of the uneven rigidity components in the circumferential
direction of the connecting portion 112 is 6.

In this case, 6, which is the number of the uneven rigidity
components of the holes for uneven rigidity 150, is also 1 time
as many as the order 6 (i=1 or j=1). Therefore, the configu-
ration of the elastic body 110 described above is also a con-
figuration that reduces order 6 undesired vibration.

Further, 6, which is the number of the uneven rigidity
components of the holes for uneven rigidity 150, is also 0.5
times greater than the order 12 (i=0.5 or j=0.5). Therefore, the
configuration of the elastic body 110 described above is also
a configuration that reduces order 12 undesired vibration.

FIG. 2A illustrates an example of m=6 vibration (out-of-
plane order 6 vibration) and FIG. 2B illustrates an example of
m=7 vibration (out-of-plane order 7 vibration).
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FIGS. 3A to 3C are diagrams illustrating deformation of an
example of order 3 undesired vibration that may adversely
affect the driving ofthe vibration type driving apparatus in the
vibrating body 100 of the present embodiment. The vibration
forms of the undesired vibration illustrated in FIGS.3A to 3C
differ from that of the out-of-plane vibration which is the
driving vibration.

FIG. 3A illustrates torsional order 3 vibration, FIG. 3B
illustrates in-plane order 3 vibration, and FIG. 3C illustrates
circumferentially extending/contracting order 3 vibration.
Unillustrated order 6 or order 12 undesired vibration is dif-
ferent from order 3 undesired vibration in the number of
waves, but is the same in the vibration form. With the exist-
ence of the six holes for uneven rigidity 150, the vibrating
body 100 of the present invention may reduce excitation of
the order 3 vibration that is undesired vibration illustrated in
FIGS. 3A to 3C and the unillustrated order 6 and order 12
undesired vibration groups without adversely affecting the
out-of-plane order 6 vibration and out-of-plane order 7 vibra-
tion which are driving vibration illustrated in FIGS. 2A and
2B.

The reason thereof will be described below.

Since the connecting portion 112 is formed to extend from
the neutral plane of out-of-plane vibration of the vibrating
portion 111, the holes for uneven rigidity 150 formed in the
connecting portion 112 do not affect the out-of-plane vibra-
tion.

Since the order 3, the order 6 or the order 12 undesired
vibration groups respectively are vibration modes in which
the connecting portion 112 is deformed, these undesired
vibration groups are greatly affected by the holes for uneven
rigidity 150 formed in the connecting portion 112.

Each of the order 3 undesired vibration groups is a vibra-
tion mode which has six antinodes and six nodes in a circum-
ferential direction of the elastic body 110. Each of the order 6
undesired vibration groups is a vibration mode which has 12
antinodes and 12 nodes in a circumferential direction of the
elastic body 110. Each of the order 12 undesired vibration
groups is a vibration mode which has 24 antinodes and 24
nodes in a circumferential direction of the elastic body 110.

For that reason, by forming six holes for uneven rigidity
150, there arises a difference between a resonance frequency
of the vibration mode in which the holes for uneven rigidity
150 are used as the antinodes and a resonance frequency of
the vibration mode in which the holes for uneven rigidity 150
are used as the nodes. Therefore, the order 3, the order 6 and
the order 12 undesired vibration groups do not become pro-
gressive vibration waves and occurrence thereof may be
avoided.

FIG. 4 illustrates the resonance frequencies and frequency
differences Af caused by uneven rigidity of the resonance
frequencies regarding the exemplary vibration modes of the
vibrating body 100 of the present embodiment.

The out-of-plane order 6 vibration and the out-of-plane
order 7 vibration used as driving vibration have small Af and
are not affected by the holes for uneven rigidity 150 provided
in the connecting portion 112.

Af of the torsional order 3 vibration, Af of the in-plane
order 3 vibration and Af of the circumferentially extending/
contracting order 3 vibration that are the order 3 undesired
vibration groups are greater than Af of the out-of-plane vibra-
tion. Therefore, occurrence of the order 3 undesired vibration
is reduced by the holes for uneven rigidity 150.

If the undesired vibration groups coincide with the fre-
quency of the driving signal and its harmonic region of the
vibration type driving apparatus, it is highly possible that the
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undesired vibration groups adversely affect the driving of the
vibration type driving apparatus.

Therefore, the influence described above may be reduced
by configuring the elastic body so that the order of uneven
rigidity components includes an order of j times (j is 0.5, 1 or
2) greater than the order of the undesired vibration in the
harmonic region of n times (n is an integer equal to or greater
than 2) greater than the driving frequency range of the alter-
nating voltage. Here, the harmonic region of n times greater
than the driving frequency range of the alternating voltage
refers to a frequency range from n times greater than the lower
limit of the driving frequency range to n times greater than the
upper limit of the driving frequency of the alternating voltage.

For example, if the out-of-plane order 6 vibration illus-
trated in FIG. 4 is used as the driving vibration, a frequency of
about 32.8 kHz that is the resonance frequency of the out-of-
plane order 6 vibration is used as the driving frequency. At
this time, a resonance frequency of torsional order 3 vibration
exists at 34.5 kHz in the driving frequency range.

Further, if the out-of-plane order 7 vibration in which reso-
nance frequency exists at 42.4 kHz is used as the driving
vibration, the resonance frequency of the in-plane order 3
vibration is located at 43.7 kHz near the resonance frequency
of the out-of-plane order 7 vibration. Further, the resonance
frequency of the circumferentially extending/contracting
order 3 vibration is located at 84.5 kHz in the harmonic area
that is twice higher than the driving frequency.

In this manner, if the undesired vibration group is located in
the driving frequency or in its harmonic region, the undesired
vibration is most likely to adversely affect the driving of the
vibration type driving apparatus. Therefore, it is effective to
reduce excitation of the undesired vibration group by the
holes for uneven rigidity 150 as in the present embodiment.

Although the location of the undesired vibration is at the
driving frequency and at the harmonic region that is twice
higher than the driving frequency in the present embodiment,
an order of undesired vibration of n times (n is an integer
equal to or greater than 2) greater than the harmonic region
may also be included. Also if the undesired vibration is
located in the harmonic region of 3 times or greater, the
influence becomes smaller as a multiple becomes large, but
the effect is still the same.

Although an example in which the vibrating body 100
includes the grooves 131 and the projections 130 formed in
the vibrating portion 111 has been described in the present
embodiment, an annular vibrating body that does not include
the grooves 131 and the projection 130 when the annular
vibration type driving apparatus is configured still has the
same effect with respect to the undesired vibration.

Although uneven rigidity is formed in the connecting por-
tion 112 by the holes for uneven rigidity 150 that are the
through holes arranged at equal intervals in the present
embodiment, it is not necessary that the holes uneven rigidity
150 are through holes arranged at equal intervals. Alterna-
tively, for example, grooves may be formed at equal intervals
in the connecting portion 112 or a thickness of the connecting
portion 112 may be distributed in the shape of a sine wave.

FIG. 9 is a graph about the size of the through holes of the
present embodiment.

A horizontal axis corresponds to a ratio k of the total
volume of the through holes to the volume of the connecting
portion 112 (a volume ratio k of the through holes to the
connecting portion 112) and a vertical axis corresponds to Af.

A dashed line represents a vibration mode in which exci-
tation is not intentionally reduced in the present embodiment
and a solid line represents a vibration mode in which excita-
tion is intentionally reduced in the present embodiment.
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In the vibrating body 100 of the present embodiment illus-
trated in FIG. 1, k is set to k=0.17. According to FIG.9, Af of
the vibration mode in which excitation is reduced starts sepa-
rating from Af of the vibration mode in which excitation is not
reduced at k=0.02.

Regarding the volume ratio k of the through hole with
respect to the connecting portion 112, k<0.7 is desirable in
consideration of the intensity of the connecting portion.
Therefore, it is desirable to set 0.02<k=<0.7 in consideration of
the effect of reducing the undesired vibration and the intensity
of the connecting portion.

With the vibrating body 100 of the present embodiment, it
is possible to reduce occurrence of the undesired vibration
and to drive the vibration type driving apparatus stably.
Second Embodiment

As a second embodiment, a case in which an order of
uneven rigidity components includes an order of p times (p is
0.5, 1 or 2) greater than a m-th order (m is an integer equal to
or greater than 1) of driving vibration will be described.

For example, an exemplary configuration of the vibrating
body 100 which reduces excitation of the order 7 undesired
vibration will be described while order m=7 vibration (out-
of-plane order 7 vibration) is supposed to be bending vibra-
tion (out-of-plane vibration) of the vibrating portion 111 used
as driving vibration.

Here, the undesired vibration refers to a vibration mode of
which vibration form differs from that of out-of-plane vibra-
tion which is driving vibration.

First, an elastic body 110 of the present embodiment will
be described with reference to FIGS. 5A and 5B.

FIG. 5A is a cross-sectional view of the elastic body 110
and FIG. 5B is a front view of the elastic body.

The elastic body 110 of the present embodiment includes
holes for uneven rigidity 150 that are through holes formed in
the connecting portion 112 that extends from a neutral plane
of' bending vibration (out-of-plane vibration) used as driving
vibration. In order to reduce order 7 undesired vibration, 14
holes for uneven rigidity 150, twice the order 7, are formed in
the connecting portion 112 in a circumferential direction at
regular intervals. Therefore, the number of the uneven rigidity
components in the circumferential direction of the connecting
portion 112 is 14 (p=2).

With the existence of the 14 holes for uneven rigidity 150,
the vibrating body 100 of the present embodiment may
reduce excitation of the order 7 undesired vibration group
which has the same order as that of the driving vibration
without adversely affecting the out-of-plane order 7 vibration
which is the driving vibration.

FIG. 6 illustrates the resonance frequencies and frequency
differences Af caused by uneven rigidity of the resonance
frequencies regarding the exemplary vibration modes of the
vibrating body 100 of the present embodiment.

The out-of-plane order 7 vibration used as driving vibra-
tion has small Af and is not affected by the holes for uneven
rigidity 150 provided in the connecting portion 112.

Af of the torsional order 7 vibration and Af of the in-plane
order 7 vibration that are the order 7 undesired vibration
groups are greater than Af of the out-of-plane vibration.
Although not illustrated in FIG. 6, Af of circumferentially
extending/contracting order 7 vibration is also large. There-
fore, occurrence of the order 7 undesired vibration is reduced
by the holes for uneven rigidity 150.

In the vibrating body of the present embodiment, it is
obvious from the first embodiment that excitation of order 14
undesired vibration is also reduced in addition to order 7
undesired vibration.
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Although the location of the undesired vibration is at the
driving frequency and at the harmonic region that is twice
higher than the driving frequency in the present embodiment,
also if the undesired vibration is located in the harmonic
region of 3 times or greater, the influence becomes smaller as
a multiple becomes large, but the effect is still the same.

Although an example in which the vibrating body 100
includes the grooves 131 and the projections 130 formed in
the vibrating portion 111 has been described in the present
embodiment, an annular vibrating body that does not include
the grooves 131 and the projection 130 when the annular
vibration type driving apparatus is configured still has the
same effect with respect to the undesired vibration.

Although uneven rigidity is formed in the connecting por-
tion 112 by the holes for uneven rigidity 150 that are the
through holes arranged at equal intervals in the present
embodiment, it is not necessary that the holes are through
holes arranged at equal intervals. Alternatively, for example,
grooves may be formed at equal intervals in the connecting
portion 112 or a thickness of the connecting portion 112 may
be distributed in the shape of a sine wave.

The total volume of the through holes arranged at equal
intervals described in the present embodiment is desirably set
10 0.02<k=<0.7 when k denotes a ratio with respect to a volume
of the connecting portion 112. This is the result in consider-
ation of the effect or reducing the undesired vibration and the
intensity of the connecting portion 112 in the same manner as
in the first embodiment.

With the vibrating body 100 of the present embodiment, it
is possible to reduce occurrence of the undesired vibration
and to drive the vibration type driving apparatus stably.
Third Embodiment

As a third embodiment, an exemplary configuration of the
vibrating body 100 which reduces excitation of the order 3
and order 7 undesired vibration will be described while order
m=>6 vibration (out-of-plane order 6 vibration) and order m=7
vibration (out-of-plane order 7 vibration) are supposed to be
bending vibration (out-of-plane vibration) of the vibrating
portion 111 used as driving vibration.

Here, the undesired vibration refers to a vibration mode of
which vibration form differs from that of out-of-plane vibra-
tion which is driving vibration.

First, an elastic body 110 of the present embodiment will
be described with reference to FIGS. 7A and 7B.

FIG. 7A is a cross-sectional view of the elastic body 110
and FIG. 7B is a front view of the elastic body 110.

In the elastic body 110 of the present embodiment, holes
for uneven rigidity 151 for order 3 undesired vibration which
are through holes, and holes for uneven rigidity 152 for order
7 undesired vibration which are through holes are formed in
a connecting portion 112 which extends from a neutral plane
of' bending vibration (out-of-plane vibration) used as driving
vibration.

The holes for uneven rigidity 151 for order 3 undesired
vibration are formed to reduce the order 3 undesired vibration
and six holes for uneven rigidity 151, twice the order 3, are
formed in a circumferential direction at regular intervals.

The holes for uneven rigidity 152 for order 7 undesired
vibration are formed to reduce the order 7 undesired vibration
and 14 holes for uneven rigidity 152, twice the order 7, are
formed at regular intervals.

Although 18 through holes are illustrated in FIG. 7B, this is
because the holes for uneven rigidity 151 for order 3 undes-
ired vibration and the holes for uneven rigidity 152 for order
7 undesired vibration overlap at two places.
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The uneven rigidity components in the circumferential
direction of the connecting portion 112 of the elastic body 110
of the present embodiment is 6 and 14.

With the existence of the two kinds ofholes 151 and 152 for
uneven rigidity, the vibrating body 100 of the present inven-
tion may reduce excitation of order 3 and order 7 undesired
vibration group without adversely affecting the out-of-plane
order 6 vibration and the out-of-plane order 7 vibration which
are the driving vibration.

FIG. 8 illustrates the resonance frequencies and frequency
differences Af caused by uneven rigidity of the resonance
frequencies regarding the exemplary vibration modes of the
vibrating body 100 of the present embodiment.

The out-of-plane order 6 vibration and the out-of-plane
order 7 vibration used as driving vibration have small Af and
are not affected by the two kinds of holes for uneven rigidity
151 and 152 provided in the connecting portion 112. Further,
Af ofthe order 3 undesired vibration group and Af of the order
7 undesired vibration group are larger than Af of out-of-plane
vibration. Therefore, occurrence of the order 3 undesired
vibration and the order 7 undesired vibration are reduced by
the holes for uneven rigidity 151 and 152.

In the vibrating body 100 of the present embodiment, it is
obvious from the first embodiment that excitation of order 6
undesired vibration and order 14 undesired vibration are also
reduced in addition to order 3 undesired vibration and order 7
undesired vibration.

Although the location of the undesired vibration is at the
driving frequency and at the harmonic region that is twice
higher than the driving frequency in the present embodiment,
also if the undesired vibration is located in the harmonic
region of 3 times or greater, the influence becomes smaller as
a multiple becomes large, but the effect is still the same.

Although an example in which the vibrating body 100
includes the grooves 131 and the projections 130 formed in
the vibrating portion 111 has been described in the present
embodiment, an annular vibrating body that does not include
the grooves 131 and the projections 130 when the annular
vibration type driving apparatus is configured still has the
same effect with respect to the undesired vibration.

Although uneven rigidity is formed in the connecting por-
tion 112 by the holes for uneven rigidity 151 and 152 that are
the through holes arranged at equal intervals in the present
embodiment, it is not necessary that the holes are through
holes arranged at equal intervals. Alternatively, for example,
grooves may be formed at equal intervals in the connecting
portion 112 or a thickness of the connecting portion 112 may
be distributed in the shape of a sine wave.

The total volume of the through holes arranged at equal
intervals described in the present embodiment is desirably set
10 0.02<k=<0.7 when k denotes a ratio with respectto a volume
of'a connecting portion 112. This is the result in consideration
of the effect or reducing the undesired vibration and the
intensity of the connecting portion 112 in the same manner as
in the first embodiment.

Fourth Embodiment

In the present embodiment, an exemplary apparatus of the
vibration type driving apparatus will be described with refer-
ence to FIGS. 12 to 15. As the apparatus described with
reference to FIGS. 12 to 15 hereinafter, the vibration type
driving apparatus described in, for example, the first or the
second embodiment may be used.

FIG. 12 is a perspective view of a robot on which the
vibration type driving apparatus is to be mounted. [llustrated
is an exemplary horizontally articulated robot 10 which is a
kind of industrial robots.
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As illustrated in FIG. 12, the vibration type driving appa-
ratus is incorporated in an arm joint portion 11 or in a hand
portion 12. The arm joint portion 11 is provided between arms
20 and is connected to the arms 20. The hand portion 12
includes a gripper 21 and a hand joint portion 22 provided
between the gripper 21 and the arm 20. The hand joint portion
22 is connected to the gripper 21 and the arm 20. The vibra-
tion type driving apparatus may be used in the arm joint
portion 11 or the hand joint portion 22. Generally, since a
bending operation of an arm joint portion 11 and a gripping
operation of a hand portion 12 of a robot require low rota-
tional frequency and high torque motor output, the vibration
type driving apparatus is suitably used.

FIG. 13 is a side sectional view illustrating an internal
configuration of a color image forming apparatus on which
the vibration type driving apparatus is mounted. An image
processing apparatus 200 in which four image forming units
Pa, Pb, Pc and Pd are provided is illustrated as an example.

Each of the image forming units Pa to Pd has substantially
the same configuration: the image forming units Pa to Pd
include photosensitive drums 201a, 2015, 201¢ and 2014,
respectively, which are image bearing members that are
driven to rotate.

Chargers 202a, 2025, 202¢ and 202d are provided on the
periphery of the photosensitive drums 201a to 2014, respec-
tively, so as to uniformly charge the same. Further, on the
periphery of the photosensitive drums 201a to 2014, devel-
oping units 203a, 2035, 203¢ and 2034 for developing elec-
trostatic latent images formed on the photosensitive drums
201a to 2014, chargers 204a, 2045, 204¢ and 2044 for trans-
ferring developed images to a transfer material 230, and
cleaning units 2054, 2055, 205¢ and 2054 for removing toner
which remains on the photosensitive drums 2014 to 2014 are
arranged in this order in a rotational direction of the photo-
sensitive drums 2014 to 201d. Exposure devices 206a, 2065,
206¢ and 2064 are provided above each of the photosensitive
drums 2014 to 2014d.

A conveying belt 225 is driven in a direction of arrow A
illustrated in FIG. 1 by a driving roller 223 and constitutes a
conveying unit that bears the transfer material 230 fed by a
feeding unit 210 and sequentially conveys the transfer mate-
rial 230 to each of the image forming units Pa to Pd.

In FIG. 13, the vibration type driving apparatus is used as
a driving motor for rotating the photosensitive drums 201a to
201d. Further, the vibration type driving apparatus is used
also as a driving motor for rotating the driving roller 223 for
driving the conveying belt 225.

FIG. 14 illustrates a configuration in which a vibration type
driving apparatus 13 is mounted for driving photosensitive
drum 15. The vibration type driving apparatus 13 may be
directly connected to a driving shaft 14 of the photosensitive
drum 15. In this manner, since it is not necessary to use a
reduction means, such as a gear, that has been needed, color
deviation may be reduced and print quality may be improved.

FIG. 15 illustrates a configuration in which a vibration type
driving apparatus 13 is mounted for driving a conveying belt
16. In FIG. 15, the vibration type driving apparatus 13 may be
directly connected to a driving shaft 14 of a driving roller 17.
With this configuration, it is possible to improve print quality
also in the driving of the conveying belt 16 as in the case of the
photosensitive drum 15.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
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This application claims the benefit of Japanese Patent
Application No. 2013-140520 filed Jul. 4, 2013 and No.
2014-118116 filed Jun. 6, 2014 which are hereby incorpo-
rated by reference herein in their entirety.

What is claimed is:

1. A vibration type driving apparatus, comprising:

a vibrating body comprising an elastic body comprising a
vibrating portion, and an electrical-mechanical energy
converting element fixed to the elastic body; and

a driven body in pressure contact with a frictional portion
of the vibrating portion,

wherein

the vibrating body and the driven body are relatively
moved by driving vibration generated when an alternat-
ing voltage is applied to the electrical-mechanical
energy converting element;

the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting
portion for connecting the vibrating portion and the fix-
ing portion; and

the connecting portion includes plural uneven rigidity
components in a circumferential direction.

2. The vibration type driving apparatus according to claim

1, wherein plural through holes are provided in the connect-
ing portion.

3. The vibration type driving apparatus according to claim
2, wherein a volume ratio k of the through holes to the con-
necting portion is 0.02<k=0.7.

4. The vibration type driving apparatus according to claim
1, wherein plural grooves are provided in the connecting
portion.

5. The vibration type driving apparatus according to claim
1, wherein a thickness of the connecting portion has a distri-
bution in a shape of a sine wave.

6. The vibration type driving apparatus according to claim
1, wherein the driving vibration is excited by m-th order
bending vibration that is generated in the vibrating portion
when the alternating voltage is applied to the electrical-me-
chanical energy converting element,

wherein m is an integer equal to or greater than 1.

7. An image forming apparatus, comprising:

an image bearing member;

a conveying belt disposed to face the image bearing mem-
ber; and

the vibration type driving apparatus according to claim 1
that drives to rotate the image bearing member.

8. A vibration type driving apparatus, comprising:

a vibrating body comprising an elastic body provided with
a vibrating portion, and an electrical-mechanical energy
converting element fixed to the elastic body; and

a driven body that is in pressure contact with a frictional
portion of the vibrating portion,

wherein

the vibrating body and the driven body are relatively
moved by driving vibration generated when an alternat-
ing voltage is applied to the electrical-mechanical
energy converting element;

the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting
portion for connecting the vibrating portion and the fix-
ing portion;

the connecting portion includes uneven rigidity compo-
nents in a circumferential direction; and

a number indicating quantity of the uneven rigidity com-
ponents is i times (i is 0.5, 1 or 2) greater than the order
ofundesired vibration of which frequency is in a driving
frequency range of the alternating voltage.
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9. The vibration type driving apparatus according to claim
8, wherein plural through holes are provided in the connect-
ing portion.
10. The vibration type driving apparatus according to claim
9, wherein a volume ratio k of the through holes to the con-
necting portion is 0.02<k=0.7.
11. The vibration type driving apparatus according to claim
8, wherein plural grooves are provided in the connecting
portion.
12. The vibration type driving apparatus according to claim
8, wherein a thickness of the connecting portion has a distri-
bution in a shape of a sine wave.
13. The vibration type driving apparatus according to claim
8, wherein the driving vibration is excited by m-th order
bending vibration that is generated in the vibrating portion
when the alternating voltage is applied to the electrical-me-
chanical energy converting element,
wherein m is an integer equal to or greater than 1.
14. An image forming apparatus, comprising:
an image bearing member;
a conveying belt disposed to face the image bearing mem-
ber; and
the vibration type driving apparatus according to claim 8
configured to rotate the image bearing member.
15. A vibration type driving apparatus, comprising:
avibrating body comprising an elastic body provided with
a vibrating portion, and an electrical-mechanical energy
converting element fixed to the elastic body; and
a driven body in pressure contact with a frictional portion
of the vibrating portion,
wherein
the vibrating body and the driven body are relatively
moved by driving vibration generated when an alternat-
ing voltage is applied to the electrical-mechanical
energy converting element;
the elastic body includes a fixing portion for fixing the
vibrating body to another member, and a connecting
portion for connecting the vibrating portion and the fix-
ing portion;
the connecting portion includes uneven rigidity compo-
nents in a circumferential direction; and
a number indicating quantity of the uneven rigidity com-

ponents is j times (j is 0.5, 1 or 2) greater than an order of

undesired vibration in a harmonic region of n times (n is
an integer equal to or greater than 2) greater than the
driving frequency range of the alternating voltage.

16. The vibration type driving apparatus according to claim
15, wherein plural through holes are provided in the connect-
ing portion.

17. The vibration type driving apparatus according to claim
16, wherein a volume ratio k of the through holes to the
connecting portion is 0.02<k=0.7.

18. The vibration type driving apparatus according to claim
15, wherein plural grooves are provided in the connecting
portion.

19. The vibration type driving apparatus according to claim
15, wherein a thickness of the connecting portion has a dis-
tribution in a shape of a sine wave.

20. The vibration type driving apparatus according to claim
15, wherein the driving vibration is excited by m-th order
bending vibration that is generated in the vibrating portion
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when the alternating voltage is applied to the electrical-me-
chanical energy converting element,

wherein m is an integer equal to or greater than 1.

21. The vibration type driving apparatus according to claim
15, wherein n times of the driving frequency in the number
indicating quantity of the uneven rigidity components is set to
n=2 times.

22. An image forming apparatus, comprising:

an image bearing member;

a conveying belt disposed to face the image bearing mem-

ber; and

the vibration type driving apparatus according to claim 15

configured to rotate the image bearing member.

23. A vibration type driving apparatus, comprising:

a vibrating body comprising an elastic body provided with

a vibrating portion, and an electrical-mechanical energy
converting element fixed to the elastic body; and

a driven body in pressure contact with a frictional portion

of the vibrating portion,

wherein

the vibrating body and the driven body are relatively

moved by driving vibration generated when an alternat-
ing voltage is applied to the electrical-mechanical
energy converting element;

the elastic body includes a fixing portion for fixing the

vibrating body to another member, and a connecting
portion for connecting the vibrating portion and the fix-
ing portion; and

the connecting portion includes uneven rigidity compo-

nents in a circumferential direction, and a number indi-
cating quantity of the uneven rigidity components is p
times (p is 0.5, 1 or 2) greater than an order m (m is an
integer equal to or greater than 1) of the driving vibra-
tion.

24. The vibration type driving apparatus according to claim
23, wherein plural through holes are provided in the connect-
ing portion.

25. The vibration type driving apparatus according to claim
24, wherein a volume ratio k of the through holes to the
connecting portion is 0.02<k=0.7.

26. The vibration type driving apparatus according to claim
23, wherein plural grooves are provided in the connecting
portion.

27. The vibration type driving apparatus according to claim
23, wherein a thickness of the connecting portion has a dis-
tribution in a shape of a sine wave.

28. The vibration type driving apparatus according to claim
23, wherein the driving vibration is excited by m-th order
bending vibration that is generated in the vibrating portion
when the alternating voltage is applied to the electrical-me-
chanical energy converting element.

29. An image forming apparatus, comprising:

an image bearing member;

a conveying belt disposed to face the image bearing mem-

ber; and

the vibration type driving apparatus according to claim 23

configured to rotate the image bearing member.
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